INTERCALATOR SUITABLE FOR ELECTROCHEMICAL DETECTION OF 
DOUBLE STRAND DNAs AND A PROCESS FOR PREPARING THEREOF 



FIELD OF THE INVENTION 

The present invention relates to novel intercalators suitable for electrochemical 
detection of double strand DNAs(dsDNA), and a process for preparing thereof 

BACKGROUND OF THE INVENTION 

DNA chips have been widely used in gene and molecular biology researches such 
as the measurement of RNA expression in a large scale, detection of mutant genome 
DNAs, gene diagnosis, pharmacogenomics and medicine, as they can detect RNAs or 
DNAs contained in a sample much more efficiently than the conventional Southern blot 
or Northen blot method. 

Generally, DNA chips detect a target DNA, for example, by way of accumulating 
hundreds of thousands of probe DNA fragments, each having a specified base sequence, 
on a very small chip surface, contacting the probe DNA fragments with a single strand of 
the target DNA labeled with a fluorescent material to induce hybridization, and 
identifying the hybridized DNA by laser irradiation. 

However, the above method has the disadvantages that it requires the use of an 
expensive optical apparatus including a laser scanner and the cost of fluorescent labeling 
is high. Further, it is difficult to quantitatively determine the amount of the target DNA 
in a sample from the luminescent intensity. 

Accordingly, there have been numerous efforts to solve the above-mentioned 
problems. For instance, Clinical Microsensors Inc. suggests a method of detecting a 
DNA by binding a redox-active material, e.q., a transition metal complex on a selected 
site of a single-stranded probe DNA, bringing a single-stranded target DNA into contact 
with the resulting probe DNA to induce hybridization, and measuring the change in the 
electron transporting rate attributable to the hybridization. In addition, Japanese Patent 
Publication No. 2000-125865 provides a method of detecting a gene of a specimen DNA 
by allowing a single-stranded sample DNA to interact with a single strand probe DNA 
immobilized on an electrode surface in the presence of an electrochemically active 
intercalator, e.g., N-N-bis[[4-(3-ferrocenecarboxaminopropyl)piperazinyl]propyl] 
naphthalene- 1, 4,5, 8-tetracarboxylic acid, to form a hybridized DNA carrying the 



intercalator, followed by determining the current which flows through the intercalator. 

These methods, however, still exhibit a limited sensitivity for quantitative DNA 
detection, and thus, there has existed a need to develop an improved intercalator that can 
be used in a DNA detection method having a higher sensitivity. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to provide a novel intercalator 
suitable for detection double strand DNAs with a high sensitivity. 

It is another object of the present invention to provide a process for preparing the 
inventive compound. 

It is another object of the present invention to provide a novel intermediate used 
in said process. 

In accordance with one aspect of the present invention, there is provided 
N.[3_[4-(3-ferrocenecarboxamidopropyl)piperazinyl]-propyl]- 1 ,8-naphthalene irnide of 
formula (I): 




In accordance with another aspect of the present invention, there is provided a 
process for preparing the compound of formula (I) comprising reacting the compound of 
formula (III) with l,4-bis(3-aminopropyl)piperazine in an organic solvent to obtain the 
compound of formula (II), and reacting the compound of formula (II) with 1 ,8-naphthalic 
anhydride in an organic solvent in the presence of a base: 
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In accordance with still another aspect of the present invention, there is also 
provided the intermediate compound of formula (II). 



BRIEF DESCRIPTION OF THE DRAWINGS 



The above and other objects and features of the present invention will become 
apparent from the following description of the invention, when taken in conjunction with 
the accompanying drawings, which respectively show: 

FIG. 1 : a schematic procedure for the preparation of a dsDNA-electrode in 
accordance with one embodiment of the present invention; 

FIG. 2 : a schematic representation of the electron transfer through a layer of an 
intercalator and a typical cyclic current- voltage curve obtaind therefor; and 

FIG. 3 : peak current values obtained with the inventive intercalator and the 
mixed intercaltor. 



DETAILED DESCRIPTION OF THE INVENTION 



The compound of formula 

N-[[4-(3_ferrocenecarboxamidopropyl)piperazinyl]-propyl]-l,8-naphthalene 
may be prepared in accordance with Scheme 1 : 



(i), 

imide 



Scheme 1 




The compound of formula (III), which may be prepared according to the 
method disclosed in Anal, Biochem., 218, 436(1994), is reacted with 
l,4-bis(3-aminopropyl)piperazine in an organic solvent, i.e., dichloromethane and 
chloroform to obtain the compound of formula (II). The reaction is carried out at 0 to 
40 °C , preferably 20 to 25 °C for 5 to 12 hours, preferably 8 to 10 hours. 

Then, the compound of formula (II) is reacted with 1,8-naphthalic anhydride in 
an organic solvent such as isopropylalcohol, benzene and toluene, in the presence of a 
base, e.g., diisopropylethylamine and triethylamine, to obtain the inventive compound 
of formula (I). The reaction is carried out at 50 to 1 1 0 °C , preferably 80 to 85 °C for 4 
to 7 hours. 

The inventive compound of formula (I) readily intercalates into a double strand 
DNA and the electron transfer through the intercalated double-stranded DNA is 
facilitated due to the compound's ferrocene moieties having desirable redox properties. 
Accordingly, the inventive compound may be used as an intercalator in a method for 
detecting a DNA(target DNA) electrochemical ly which comprises bringing a single 
strand of the target DNA into contact with a DNA detection kit containing a 
single-stranded probe DNA, which is hybridizable with the target DNA and bonded on 
the surface of an electrode equipped with an output terminal, to obtain a hybridized 
double strand DNA, intercalating the double-stranded DNA with the inventive 
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compound, and determining the current generated when a voltage is applied to the 
electrode. It is understood that one molecule of the compound of formula (I) 
intercalates one pair of base. 

The sensitivity of DNA detection by the stable method is markedly enhanced 
5 when the inventive compound of formula (I) is used together with the compound of 
formula (IV). This is due to the fact that the compound of formula (IV) (IC1) 
intercalates selectively into a site which is separated by 3 to 5 pairs of bases from the 
next site, while the insertion of one molecule of the compound of formula (I) (IC2). 
Thus, when a combination of IC1 and IC2 is used in a weight ratio of 1 : 0.1-10, IC2 
10 is inserted into sites which are not occupied by IC1 and they work together to create a 
synergistic effect of enhancing the electron transport process through the dsDNA chain. 
IC2 further acts as a supersensitizer for the reduction of oxidized IC 1 . 




15 

The compound of formula (II) may be used as an intermediate in the 
preparation of the compound of formula (IV) as well as the compound of formula (I). 
That is, the compound of formula (II) may be reacted with 
2 0 1,4,5,8-naphthalenetetracarboxylic dianhydride in the presence of a base to obtain the 
compound of formula (IV) is a high yield. 

The following Examples are given for the purpose of illustration only, and are not 
intended to limit the scope of the invention. 

2 5 Preparation 1 : Preparation of ferrocenecarboxylic acid N-hydroxysuccinimide ester (the 

compound of formula (III)) 

According to the preparation method disclosed in Aanl. Biochem., 218, 
436(1994), a mixture of 1,000 mg of ferrocenecarboxylic acid(4.35 mmol) and 560 mg of 

3 0 N-hydroxysuccineimide(4.87 mmol) was dissolved in 40 ml of distilled 1,4-dioxane, 
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added 100 mg of dicyclohexylcarbodiimide dissolved in 10 ml of distilled 1,4-dioxane, 
and stirred for 12 hours under a nitrogen atmosphere. The resulting solution was 
filtered and the solid thus obtained was purified by silicagel chromatography using a 
mixture of n-hexane and ethylacetate(l:l, Rf=0.40) as an eluent to obtain 1.39 g of the 
5 title compound as a light yellow solid (Yield: 99%). 

] H NMR(CDC1 3 ; 300MHz) 6 2.88(4H, br s), 4.39(5H, s), 4.57(2H 5 m), 4.95(2H, m) 
ppm 



10 Example 1 : Preparation of N-[[4-(3-ferrocenecarboxamidopropyl)piperazinyl]-propyl]- 
1 ,8-naphthalene imide (the compound of formula (I)) 

p (Step 1) Preparation of N-[3-[4-(3-aminopropyl)piperazine-l-yl]propyl] ferroceneamide 

*8 (the compound of formula (II)) 

fu 15 

Nl 284 id of l,4-bis(3-aminopropyl)piperazine(1.376 mmol) dissolved in 14 ml of 

|| dichloromethane was added dropwise over 10 hours to 300 mg of the compound (0.917 

Hi mmol) prepared in Preparation 1 dissolved in 10 ml of dichloromethane using a syringe. 

P The resulting solution was filtered and the solid thus obtained was purified by silicagel 

G3 2 0 chromatography using a mixture of methanol and ammonium hydroxide(9: 1, Rf=0.23) as 
an eluent to obtain 255 mg of the title compound as a yellow solid (Yield: 62%). 
] H NMR(CDC1 3 ; 300MHz) 6 1.65 - 1.86(4H, m), 2.35 - 2.80(14H, m), 2.97(1H, m), 
3.45(2H, m), 4.20(5H, s), 4.33(2H, br s), 4.69(2H, br s), 6.91(1H, br m) ppm 

2 5 (Step 2) Preparation of N-[[4-(3-ferrocenecarboxamidopropyl)piperazinyl]-propyl]- 
1 ,8-naphthalene imide (the compound of formula (I)) 

A mixture of 41.2 mg of the compound(0.10 mmol) obtained in Step 1 and 26 id 
of diisopropylethylamine(0.150 mmol) was dissolved in 10 ml of isopropyl alcohol, 17.8 

3 0 mg of 1,8-naphthalic anhydride(0.09 mmol) was added thereto, and the mixture was 
refluxed for 2 hours under a nitrogen atmosphere. Then, the resulting solution was 
cooled to room temperature, filtered and the brown solid obtained was washed with 2 mg 
portions of cold isopropyl alcohol three times. Analysis of the solid product by NMR 
and GC(gas chromatography) established that it is the compound of formula (I) having a 

3 5 purity of over 98%. The solid product was recrystallized from acetone to obtain 49 mg 
of the title compound(0.083 mmol) as a yellow crystal (Yield: 83%). 
'H NMR(CDCb; 300MHz) 6 1.71(2H, m), 1.94(2H, m), 2.43(6H, m), 2.53(6H, m), 
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3.41(2H, q, J=6.0Hz), 4.15(5H, s), 4.22(4H, br m), 4.68(2H, br s), 7.21(1H, br m), 
7.73(2H, dd, J=7.5, 8.1Hz), 8.19(2H, d, J=8.1Hz), 8.57(2H, d, J=7.5Hz) ppm 

Preparation 2 : Preparation of N,N-bis[3-[4-(3-ferrocenecarboxaminopropyl)piperazinyl] 
propyl]naphthalene-l,4,5,8-tetracarboxylic acid (the compound of formula (IV)) 

110 mg of the compound(0.267 mmol) of Step 1 of Example 1 and 56 (d of 
diisopropylethylamine(0.320 mmol) were dissolved in 12 ml of isopropyl alcohol, 28.6 
nig of 1,4,5,8-naphthalenetetracarboxylic dianhydride(0.107 mmol) was added thereto, 
and the mixture was refluxed for 6 hours under a nitrogen atmosphere. Then the 
mixture was cooled to room temperature, filtered and the brown residue obtained was 
washed with 2 ml of a cold isopropylalcohol three times. Analysis of the solid product 
by proton NMR and GC established that it has purity over 98%. The solid product was 
recrystallized with acetone to obtain 110 mg of the title compound (0.104 mmol) as a 
yellow crystal (Yield: 97%). 

*H NMR(CDC1 3 ) 6 1.72(4H, m), 1.96(4H, m), 2.43(12H, m), 2.57(1 2H, m), 3.44(4H, 
m), 4.30(10H, m), 4.32(8H, br s), 4.69(4H, br s), 7.02(2H, m), 8.78(4H, s) ppm 

Example 2 : Preparation of a probe ssDNA-electrode 

(Step 1) Coating of Au electrode 

An Au electrode with an area of 2 mm 2 (MF-2014 AUE gold electrode, BAS, IN, 
USA) was sequentially washed with hot 2 M NaOH for 5 min., and then, with 
concentrated nitric acid for 5 min., followed by two cycles of ultrasonic-treatment in 
distilled water, each for 3 min. The electrode was dipped in an aqueous 6.1 M sulfuric 
acid solution, and the voltage applied thereto was cycled between 0 to 1.5 V (vs. an 
Ag/AgCl reference electrode) at a rate of 100 mV/s using a voltammetric analyzer (BAS, 
CV-50W, IN, USA), until the current originating from contaminants was no longer 
detectable, in order to determine a basal line. The bare electrode thus obtained was 
treated with 1 mM 2-mercaptoethanol(2-ME) solution for 2 hr. to induce sulfide bond 
formation between the -SH group of 2-mercaptoethanol and the electrode surface. The 
resulting electrode was coated with a monolayer of covalently bonded -S-CH 2 CH 2 -OH, 
the terminal -OH group being extended outwards. 



(Step 2) Preparation of ssDNA-electrode 



Using an oligonucleotide synthesizer, sense and anti-sense oligonucleotides of 
SEQ ID No: 1 and 2 were prepared, and then, a phosphoric acid group was joined to the 
5 '-end of the sense oligonucleotide. l-ethyl-3-(3-dimethylaminopropyl)carbodiimide 
hydrochloride(EDAC) and the sense oligonucleotide(ssDNA) were dissolved to 
concentrations of 1 fiElfriL and 1 mM, respectively, in a 40 mM 
2-(N-morpholino)ethanesulfonic acid (MES) buffer (pH 4.5), and the coated electrode 
prepared in (Step 1) was treated with the solution for 24 hrs to obtain an 
ssDNA-electrode having the phosphoric acid groups of the ssDNA bonded with the -OH 
groups of the electrode surface. 

Example 3 : Detection of DNA 

(Step 1) Formation of hybrid DNA 

1 pJL of anti-sense DNA (asDNA) (1 nmol//z£) of SEQ ID No: 2 was added to 30 
fjtt of a hybridizing solution (0.09 yg/yt, of salmon spermatozoon DNA, 0.5 yglfjJL of 
acetylized cow serum albumin, 27 mM MES(free acid), 74 mM MES(sodium salt), 
0.89M NaCl, 0.01% Tween 20 and 20 mM EDTA), and the ssDNA-electorde prepared in 
Example 2 was reacted with the solution at 37°C for 24 hrs to form a hybrid DNA. The 
resulting electrode was washed with a washing solution (27 mM MES(free acid), 74 mM 
MES(sodium salt), 26 mM NaCl and 0.01% Tween 20) at 37 °C for 15 min. and the 
washing procedure was repeated three-times to obtain a dsDNA-electrode which has 
double-stranded DNAs attached to the electrode. The preparative procedure of such a 
dsDNA-electrode is schematically shown in FIG. 1 . 

(Step 2) Combination of dsDNA and intercalator 

N,N-bis[[4-(3-fenocenecarboxamidopropyl)piperazinyl]propyl]-naphthalene-l,4, 
5,8-tetracarboxylic acid of formula (IV) (IC1) and 

N-[[4-(3-feiTocenecarboxamidopropyl)piperazinyl]-propyl]- 1 ,8-naphthalene imide of 
formula (I) (IC2) were dissolved in distilled water, each to the concentration of 40 \x M, 
and the dsDNA-electrode prepared in (Step 1) was treated with the solution at room 
temperature for 10 min. to obtain an dsDNA-electrode wherein both IC1 and IC2 were 
incoiporated in the dsDNA as intercalators. For comparison, another dsDNA-electrode 
intercalated only by IC1 was prepared by a similar method. 

A voltage was applied to a tri-electrode system which comprises one of the 
prepared dsDNA-electrodes as a working electrode, Ag/AgCl as a reference electrode 
and Pt wire as a counter electrode, and the current generated by the applied 



voltage- induced redox reactions in the electrolyte solution (0.1 M KC1) was measured 
with a voltammetric analyzer (BAS, CV-50W, UK). In this case, the current is 
transferred to the electrode via IC1 and IC2, or via IC1 alone, and the amount of the 
current was obtained from the cyclic voltammetry (see FIG. 2). 

As shown in FIG. 3, the peak current obtained for the system containing the 
conventional intercalator, i.e., IC1 alone, was not nearly as high as the currents obtained 
for two cases of the inventive mixed intercalator (IC1 and IC2). In this firgure, B refers 
to the basal line mentioned in (Step 1) of Example 2; S, an ssDNA-electrode; and D, a 
dsDNA-electrode (two independent cases). The markedly high current density obtained 
for the inventive dsDNA-electrode may be attributed to the ability of IC2 to occupy sites 
inaccessible by TCI . 

As described above, in accordance with the present invention, 
N,N-bis[[4-(3-ferrocenecarboxaminopropyl)piperazinyl]propyl]naphthalene-l,4,5,8-tetra 
carboxylic acid is capable of enhancing the sensitivity of electrochemical detection of 
double-stranded DNAs to a remarkably high level, particularly when used in combination 
with the compound of formula (IV). 

While the embodiments of the subject invention have been described and 
illustrated, it is obvious that various changes and modifications can be made therein 
without departing from the spirit of the present invention which should be limited only by 
the scope of the appended claims. 



